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INTRODUCTION 
The use of restriction fragment length polymorphisms 
(RFLP) as genomic markers has allowed intense and detailed 
study of the genetics of several crop species (Stuber 1992) . 
In soybean {Glycine max (L.) Merr.), RFLP markers have been 
used to generate genetic linkage maps for the genome by using 
both inter- and intraspecific crosses (Shoemaker and Olson 
1993, Keim et al. 1990, Shoemaker and Specht 1995, Lark et al. 
1993) , These RFLP maps have been used to map qualitative 
traits to specific sites in the soybean genome (Diers et al. 
1992) and more recently to identify chromosome regions that 
control the inheritance of quantitative traits (QTL, 
quantitative trait locus or loci depending on context; Keim et 
al. 1990, Mansur et al. 1993). 
To be able to apply RFLP technology to plant breeding, it 
is essential to characterize QTL expression across 
environments. While consistent and reliable function of QTL 
over a range of environments is preferred, the identification 
of an environment-specific QTL also may prove useful for 
genetic improvement of crop species. Only limited 
information, however, is available on the stability of QTL 
expression across environments (Dudley 1993). 
The objectives of this study are to use an RFLP map of 
soybean to identify QTL and to test for QTL x environment 
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interactions for phenotypic traits in the intraspecific soy­
bean cross 'Minsoy' (PI 27890) x 'Noir 1'(PI 290136). Data 
used for the study were from reproductive, morphological, and 
seed traits evaluated at two locations in Iowa in each of two 
years, 
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LITERATURE REVIEW 
Most plant traits of economic and agronomic importance 
are quantitatively inherited, i.e. they are controlled by the 
action of many genes, each with small effect. Usually, little 
is known about the number, genomic locations, or magnitude of 
effects for genes that control quantitative traits. 
Therefore, plant breeding methodology has relied primarily on 
biometrical approaches to genetically improve quantitative 
traits of plants. The identification of molecular markers 
with genes that are associated with large effects on 
quantitative trait expression would increase selection 
efficiency in plant breeding. This technology is called 
marker assisted selection. The use of molecular markers to 
select favorable quantitative trait locus (QTL) alleles for 
improving plants has been reviewed by Dudley (1993). 
The identification of quantitative trait loci became 
feasible with the development of genetic linkage maps with 
large numbers of molecular markers. Genomic maps with medium 
to high density of molecular markers now exist for many plant 
species (0'Brian 1993). Genomic mapping of QTL has been 
dociimented for a range of agronomic, quality, and stress 
resistance traits in a number of these species (Paterson et 
al. 1991). 
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Soybean mapping 
Molecular mapping of soybean was reviewed recently by 
Shoemaker et al. (1994). Relative to maize (Zea mays L.) or 
tomato {Lycopersicon spp.), mapping of the soybean genome has 
been recent. This has been attributed to the size and 
complexity of the soybean genome, the lack of genetic 
variation in soybean germplasm, the paucity of cytogenetic 
markers, and the difficulties in producing large numbers of 
hybrid soybean seed (Keim et al. 1990, Shoemaker et al. 1992). 
Soybean has a genome complement of 2n=2x=40 chromosomes, and 
today, just 63 morphological, pigmentation, and isozyme 
markers have been assigned to its classical genetic map 
(Palmer and Hedges 1993). 
The genus Glycine subgenus soja includes the cultigen 
Glycine max (L.) Merr. and the wild annual. Glycine soja Sieb. 
and Zucc. (Hymowitz and Singh 1987). Glycine soja is 
considered to be the progenitor of the domesticated soybean. 
Progeny from both intra- and interspecific crosses have been 
used for mapping the soybean genome, and both isozymes and 
RFLPs have been employed to associate marker loci and 
agronomic trait loci in soybean. In two G. soja x G. max 
backcross populations isozyme genotypes were significantly 
associated with five quantitative traits analyzed in one study 
(Graef et al. 1989) and 13 quantitative traits in a second 
study (Suarez et al. 1991). However, associations were not 
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consistent across populations, and with only six and eight 
loci for isozyme inheritance, selection for quantitative 
traits via isozyme marker loci is limited. RFLP technology 
has provided many molecular markers on the soybean genome, and 
several independent genomic maps have been constructed. Keim 
et al. (1990a) used an interspecific cross to construct a 
genomic map for soybean based upon 150 polymorphic markers 
that gave 26 linkage groups and a genomic length of ca. 1200 
cM. This map has been expanded and now contains approximately 
600 markers, 23 linkage groups, and approximately 3 000 cM 
(Shoemaker 1994, personal communication). For an 
intraspecific G. max cross, Lark et al.(1993) constructed a 
genetic linkage map consisting of 132 RFLP, isozyme, 
morphological, and biochemical markers, 31 linkage groups, and 
1550 CM. 
Keim et al.(1990a) utilized 60 F2-derived families from 
an interspecific cross, 150 markers, and single-factor 
analyses of variance to identify markers that were 
significantly associated with phenotypic variation for hard-
seededness. In the same population, Keim et al. (1990b) 
investigated associations between markers and eight 
reproductive and morphological traits. Based on an analysis 
with more than 250 molecular markers in this population, Diers 
et al. (1992b) found markers significantly associated with 
variation for protein and oil content, but not with iron-
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deficiency chlorosis (Diers et al. 1992a). Mansur et al. 
(1993) scored 15 traits {reproductive stages, mojrphological 
characters, seed traits, seed yield, and carbon isotope 
discrimination ratios) on 69 families derived from the 
intraspecific cross (Lark et al. 1993) . They used interval 
mapping and 132 marker loci to localize QTLs for 11 traits to 
six linkage groups. Linkage between RFLP markers and QTL for 
four of these traits were confirmed by using extreme 
phenotypes of recombinant inbred lines (Mansur et al. 1993). 
Further analysis of these lines revealed epistatic interaction 
of QTL for protein and oil (Lark et al. 1994). 
Molecular techniques based on the polymerase chain 
reaction (PGR) serve as additional sources of molecular 
markers in soybean. PGR primers designed to amplify DNA 
regions flanking simple sequence repeat (SSR) seqences produce 
a large number of alleles per locus as a function of the 
number of SSR units (Akkaya et al. 1992, Rongwen et al. 1994). 
This type of gene diversity is not only useful for genotype 
identification, but when placed relative to other markers 
these SSR markers can be integrated into genetic maps. 
Three other molecular marker techniques have been 
developed for plant genome analysis: DAF (DNA amplification 
fingerprinting, Caetano-Anolles et al. 1991), RAPD (random 
amplified polymorphic DNA, Williams et al. 1990) and AP-PGR 
(arbitrary primer-PGR, Welsh and McGlelland 1990). In 
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contrast to the more specific and targeted PGR, these 
techniques share the use of single short arbitrarily chosen 
oligonucleotide primers. The primer anneals to multiple 
genome regions where it directs DNA amplification. 
Amplification products are separated and recorded as profiles, 
specific for the target DNA and the DNA sequence of the 
primer. The three methods vary regarding a number of 
criteria, including length of primer, method of separation and 
detection of amplification products, and thus simplicity, 
rapidity and cost. They also differ in their efficiency and 
repeatability of scoring the genome for variable sites. In 
soybean, Gresshoff (1994) reported an average of 5-7 scorable 
bands for RAPD gels, while DAF produced an average of 20-25 
bands. RAPD markers have been integrated into the public 
molecular linkage map (Shoemaker and Olson 1993). DAF markers 
have been linked to the supernodulation locus of soybean 
(Caetano-Anolles 1993), and several DAF polymorphisms have 
been mapped in recombinant inbred lines (Greshoff 1994). 
QTL analysis 
At least two methods have been proposed for mapping QTL: 
(a) linkage between a single marker and a QTL, and (b) linkage 
between flanking markers and a QTL. 
Among the single-marker models, the simplest one is based 
on differences among means of marker genotype classes for the 
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quantitative trait. This makes use of a one-way analysis of 
variance and is equivalent to regression of the phenotype on 
the genotype at the marker locus. It has been used on several 
crop species including maize (Edwards et al. 1987), tomato 
(Tanksley and Hewitt 1988) and soybean (Diers et al. 1993, 
Diers et al. 1992a and 1992b, Keim et al. 1990a and 1990b). 
While computationally simple, this method has several 
limitations (Lander and Botstein 1989) : 
(i) The number of analyses required for each trait equals the 
number of markers available. Since the number of markers 
usually is quite large (>100), the probability of falsely 
identifying a QTL (type I error) is high. 
(ii) Single factor analysis cannot distinguish between tight 
linkage to a QTL with small effect and loose linkage to a QTL 
with large effect. 
(iii) Genetic effect of the QTL and the recombination 
fraction are confounded so that the QTL effect may be grossly 
underestimated. 
Other analytical methods based on single marker models 
have been described theoretically by Weller (1986) and Luo and 
Kearsey (1989). Both employ maximum likelihood methods which 
require mainframe computers and their shortcomings have been 
discussed by Carbonell (1992). 
Methods for identifying a QTL based upon flanking markers 
have been published by Jensen (1989), Weller (1987), Haley and 
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Knott (1992), Lander and Botstein (1989), Knapp et al. (1990) 
and Carbonell et al. (1992) . The method of Lander and 
Botstein (1989) is referred to as interval mapping and it has 
been the approach most used. The method calculates the 
probability of the presence of a QTL at regular intervals in 
the genome. By integrating the information for all markers, a 
QTL likelihood map is constructed using the LOD 
(LOD=likelihood of odds) score. The maximum likelihood 
estimator of the position of the QTL is the point on the map 
for which the LOD score is maximal. When compared to single-
marker models, interval mapping has the advantage of providing 
probabilities for the presence of a QTL between markers. It 
may also require fewer progeny for the detection of a QTL if 
the QTL peak does not coincide with the marker locus (Lander 
and Botstein 1989). The Lander-Botstein method is summarized 
below following the notation of van Oijen (1992). Assume two 
inbred parents segregate for two flanking markers, A and B, 
and a QTL Q between the markers. The map distance between A 
and B is known and can be expressed as the recombination 
frequency, r=ra+rb-2rarb, where and r,, denote the 
recombination frequency between A and Q and B and Q, 
respectively. In an F2 population nine classes of marker 
genotypes will segregate. Each is composed of a mixture of 
the three QTL genotypes qq, Qq, and QQ at frequencies that 
depend upon the recombination frequencies and rt- For each 
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marker-genotype class there is a mixture of three normal 
distributions with means liojlAi.Ma, the QTL genotypes qq, Qq, 
and QQ, respectively, and equal residual variance . The 
residual variation is caused by unlinked QTL and by random 
non-genetic factors. The likelihood for the progeny of size N 
is 
N 
L = L( |J,o, III, 1X2, ; Xi, X2 , ... , ) = fj f (xj m^ , rj 
i = l 
with 'm'= marker genotype and 'x'= phenotypic value of an 
individual. The values |Xo, 1X|> IX2, and that maximize this 
likelihood are the maximum likelihood estimates. The 
solutions obtained after differentiating ln{L) and setting the 
derivatives equal to zero are not explicit. Therefore, a 
modified version of the iterative EM algorithm is applied. 
Under the null hypothesis, i.e. no QTL is segregating, 
the likelihood can be calculated as 
H 
^0 ~ ^ l^pop ' *^pop /' ^1 / ^2 ' • • • ' ~ n f { ) 
i = l 
The test statistic for the alternative hypothesis that a QTL 
is segregating is defined as the ratio of likelihoods 
transformed into a LOD score: 
LOD=^°log L ( [Xp , , |i.2 ' ' ^2 I  • • •  >  ^ 
^0 ( M'pop ' ^pop ' ^1 ' ^2 I ) 
with: 
Mpop = population (F2) mean, 
Or population variance, and 
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f(x) = normal distribution with mean |Xpop and variance c^pop • 
LOD scores are calculated for positions at regular distances, 
e.g. 2 cM, between flanking markers and a QTL likelihood map 
is constructed by plotting LOD scores against map positions. 
The threshold for a significant LOD score can be approximated 
based on the sparse-map formula presented by Lander and 
Botstein (1989): F = 0 .5 (logioe) (zo/m) ^» where T = the 
threshold level, a= the probability of type I error, and M = 
the number of marker intervals. 
The accuracy of QTL mapping depends on: (a) heritability 
of the trait; (b) number of genes affecting the trait; (c) 
distribution of the genes over the genome, their interaction, 
non-genetic variation; (d) the type of segregating population 
and number of progeny; (e) the genome size; and (f) the number 
of markers used and their distribution over the genome (van 
Oijen 1992). Using computer simulation, van Oijen (1992) 
found that both number of individuals and magnitude of 
genotypic QTL effect are important factors in determining 
mapping precision. His results indicated that when 200 F2 
individuals are scored a QTL that explains at least 5% of the 
total variance generally can be detected. Similarly, Beavis 
(1993) concluded that heritability of a trait had little 
impact on identification of QTL, whereas number of QTL and 
number of progeny had large impacts on identifying QTL. He 
suggested inconsistency in identifying a QTL in different 
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experiments with the same germplasm may be due to a low 
proportion (5-10%) of QTL being detected in any given 
experiment when typical experimental conditions are used, i.e. 
100-200 progeny in replicated tests with heritabilities 
between 0.60 and 0.95. 
Different types of progeny, e.g. recombinant inbred, 
doubled haploid, and F3 lines, can be used to estimate QTL 
parameters (Cowen 1988). Lander and Botstein (1989) point out 
that progeny testing could reduce the environmental variance 
within lines and can result in considerably more efficient 
mapping. Knapp and Bridges (1990) describe the conditions 
when an increased niomber of lines or an increased number of 
repetitions per line will increase the power for testing 
differences between means of QTL genotypes. 
QTL X environment interaction 
Once a QTL has been identified, the plant breeder is 
interested in its stability of expression across environments. 
Generally, a QTL of greatest interest is one that is expressed 
consistently over a wide range of environments. However, in 
certain instances a QTL specific to a particular environment 
can be useful in crop improvement. In either case, a QTL must 
be reliably expressed for it to be useful in practical 
applications. 
QTL analysis of progenies tested across environments 
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permits the detection of QTL x environment interaction. 
Results may be based on either analysis of variance or on the 
comparison of frequency of identification of significant 
marker-QTL associations in different environments. 
Experimental results are available for tomato, maize and 
barley. Using progeny from an interspecific cross of tomato 
{Lycopersion esculentum Mill, and L.cheesmanii) Paterson et 
al. (1991) assessed the expression of QTL for mass per fruit, 
soluble solids, and fruit pH. Among 29 QTL mapped, only 4 
(14%) were detected in three environments, 10 (34%) in two 
environments, and 15 (52%) in a single environment. Thus, for 
their set of very widely separated environments, i.e. 
California and Israel, QTL showed a range of sensitivities to 
environments. 
In contrast, Guffy et al.(1989) found that environment 
had little effect on the detection of QTL for grain yield of 
maize across three locations in North Carolina. In this 
study, 190 inbred lines derived from a single cross were 
crossed to three tester inbreds, and the inbreds and 
testcrosses were genotyped for 51 molecular marker loci. 
Within each population an analysis of marker class by location 
effects was carried out for each marker. Of these 204 marker 
X environment interactions only 14 were significant. Only 
three significant interactions occurred for marker classes 
which identified grain yield QTL and none involved a change in 
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the marker genotype of the superior class. Similar results 
were obtained by Schon at al. (1994) for maize testcross 
populations evaluated for protein content, kernel weight and 
plant height across four environments in Germany. QTL 
likelihood curves produced by interval mapping showed good 
agreement, i.e. likelihood peaks were identified in the same 
marker interval for all environments, differing only in the 
level of significance and the size of estimated genetic 
effects. 
In Iowa, 150 F2:3 lines derived from a B52 x Mol7 maize 
single cross were measured for yield, yield component traits, 
and morphological traits in 1990 and 1991 (Jarboe 1993). In 
1990, precipitation was above average and heat unit 
accumulation was normal, and in 1991 moisture stress occurred 
and heat unit accumulation was above normal. With both 
interval mapping and single marker analysis, map location and 
effects of QTL varied between environments. For yield and 
yield component traits, genomic regions with large effects 
were usually detected in both environments whereas regions 
with small effects tended to be detected in only one 
environment. Genotype x environment interaction was detected 
only for date of anthesis, but large discrepancies between the 
two environments were found for date of silk emergence, plant 
height, and ear height. The same population evaluated at two 
locations in Iowa in 1989 and 1990 revealed QTL for resistance 
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to second generation European corn borer (2ECB), plant height, 
ear height, and flowering date. Of eight QTL identified for 
2ECB, four were detected in more than one environment. Three 
of these seemed to have larger effects than QTL mapped to 
other regions. Quantitative trait loci for plant height, ear 
height, and flowering date were located to the same 
chromosomes in all environments. 
Gocken (1993) evaluated F3 progeny and two testcross 
populations derived from a B52 x B53 single cross for several 
agronomic traits in three Iowa locations in two consecutive 
years. The frequency of significant marker genotype x 
environment interaction varied among traits but was less than 
would be expected by chance alone. The map location of QTL 
identified by interval mapping within individual environments 
usually were located within the 90% support interval of QTL 
determined by interval mapping over environments. Results 
were less consistent for root and stalk lodging, traits which 
could not be adequately evaluated due to adverse environmental 
conditions. 
In barley, a QTL analysis was based on the evaluation of 
150 Fi-derived doubled haploid lines for agronomic and malting 
quality traits in five states, including irrigated and dryland 
conditions (Hayes et al. 1993). The QTL x environment 
interactions observed were due to differences in magnitude "of 
QTL effects rather than a change in rank phenomenon and were 
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therefore considered of little consequence for molecular 
marker-assisted selection. 
With such few studies conducted under such different 
experimental conditions with regard to crop species, traits, 
environments, genetic material and statistical analyis, it is 
not surprising that clear patterns of QTL x environment 
interaction are not readily apparent. While several mapping 
studies have been carried out in soybean, only one was 
published using the interval mapping method, and none has 
investigated QTL x environment interaction. This study is 
thus the first to analyze the reliability of QTL expression 
across environments in soybean. It also allows the comparison 
of mapping results with previous soybean studies, which used 
different populations and statistical methods, as well as a 
comparison of results of QTL x environment interaction in 
other crop species. 
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MATERIAL AND METHODS 
Genetic material 
The population of families used for this study was 
produced from an intraspecific cross between two distantly 
related soybean cultivars 'Minsoy'(PI 27890) and 'Noir 1'(PI 
290135). The 76 F2:5 and F2:6 families evaluated in the field 
were derived from the F2 plants used by Lark et al.(1993) to 
construct a genomic map of molecular markers. An F2:5 family 
was derived by bulking equal amounts of seed from 30-40 
individual F4 plants within a family that traced to an F2 
plant (Mansur et al. 1993). An F2:6 family tested at the 
Burkey site was derived by bulking 10-15 pods per plant from 
60 plants in the experimental plot of an F2:5 family grown at 
Ames in 1989. An F2:6 family at the Bruner location was 
derived by sampling the bulk seed from the experimental plot 
of an F2;5 family grown at Ames in 1989. 
Field experiments 
Field experiments were conducted in summer 1989 (year 1) 
and summer 1990 (year 2) using randomized complete block 
designs. In 1989, F2:5 families were grown in three 
replications at each of two locations: The Iowa State 
University Agronomy and Agricultural Engineering Research 
Center and the Burkey Farm, both near Ames, Iowa. In 1990, 
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F2:6 families were grown in three replications at the Burkey 
Farm and two replications at the Bruner Farm, both near Ames. 
A replication contained 76 families and six plots of each 
parent in 1989, and two plots of each parent in 1990. A plot 
consisted of two rows 4,6m long, with an intraplot row 
spacing of 69 cm, and an interplot spacing of 102 cm between 
plots. The seeding rate was 120 seeds per plot. Plots were 
trimmed to 3m at growth stage R8. 
The eleven traits evaluated in each year were 
reproductive stages (Fehr and Caviness 1977), morphological 
characters, seed traits, and seed yield. Reproductive traits 
were scored when 50% of the plants on the plot had reached a 
particular stage. Protein and oil analyses was performed at 
the USDA Northern Regional Research Center at Peoria, 
Illinois, with an NIR grain analyzer. Specific traits 
measured were: 
1. Beginning bloom (Rl) - number of days after planting to an 
open flower at any node on the main stem; 
2. Maturity (R8) - the number of days after planting to 95% of 
the pods on the main stem mature; 
3. Reproductive period - R8 - Rl; 
4. Leaf area - area in cm^ of six fully developed central 
trifoliate leaflets, taken four nodes below the top node on 
the main stem, one from each of six plants when between R5 and 
R6, and measured with a planimeter; 
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5. Plant height - mean height of main stem in cm from the soil 
surface to the stem tip of six plants per plot when between R5 
and R6; 
6. Lodging score - measured on scale of 1 to 5 with 1 being 
fully erect and 5 prostrate (Fehr 1987), recorded at R8; 
7. Canopy height - in 1989, the height of the average tallest 
pod-bearing node in cm at R8; in 1990, the height of the 
canopy in cm when between R5 and R6; 
8. Seed weight - mg seed"! based on a 200-seed sample per 
plot; 9. Protein content - g kg"l on a dry weight basis 
measured on a 7 gram sample of whole seed taken from each 
plot; 
10. Oil content - g kg~l on a dry weight basis measured on a 7 
gram sample of whole seed taken from each plot; 
11. Seed yield - weight of machine harvested seeds per plot in 
kg ha~l at 13% moisture. 
Environmeiits 
Throughout this paper, the environments will be referred 
to as in Table 1. 
The Ames, Burkey and Bruner field sites were located 
within 5 km of each other. Soil types, crop rotation, and 
fertilizer and herbicide applications for each environment are 
summarized in Table 2. 
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Table 1. List of field environments used to evaluate soybean 
lines. 
Environment Year Location Number Genetic Planting 
designation of material date 
replications (generation) 
El 1989 Ames 3 F2:5 20 May 1989 
E2 1989 Burkey 3 F2:5 20 May 1989 
E3 1990 Burkey 3 F2;6 3 0 May 1990 
E4 1990 Bruner 2 F2:6 1 June 1990 
Year 1 (YD 1989 E1,E2 
Year 2 (Y2) 1990 E3,E4 
Combined (C) E1,E2,E3,E4 
Table 2. Soil type, crop rotation, and fertilizer and 
herbicide applications for environments (Env) El, 
E2, E3, E4 . 
Env Soil type Crop rotation Fertilizer^ Herbicide 
El Nicollet-
Webster 
soybean-oat-corn-
oat-corn 
0-40-120 Dual 8E^, 
Basagran^ 
E2 Clarion-
Nicollet 
corn-oat-soybean 0-50-90 Dual 8E, 
Basagran 
E3 Nicollet-
Webster 
corn-oat-soybean 0-40-120 Dual 8E, 
Basagran 
E4 Clarion-
Nicollet 
corn-oat-soybean 0-40-120 Dual 8E, 
Basagran 
® applied in fall of previous year after harvest. 
^ pre-plant, 2.5 pints/acre, 8 pounds active ingredient/ 
gallon. 
^ post-emergence. 
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Meteorological data was collected only at the Ames site 
but climatic differences were assxamed to be greater between 
years than between locations within years. The year 1990 was 
characterized by much higher precipitation and lower maximum 
temperatures than 1989 (Table 3). 
Statistical Analysis 
Means and standard deviations were computed for parents 
and progenies for all environments. Standard procedures for 
analysis of variance were used to partition the total variance 
among families into genetic and environmental components as 
well as genetic x environmental interaction effects. Families 
and environments were considered random effects. Genetic 
variance ( CT| ) and heritability in the broad sense (H^) were 
estimated based on expectations of mean squares from the 
combined analysis of variance (Johnson et al. 1955) as shown 
below: 
MSt - MST . 
^9 line line*environment 
= : 
reps * environments 
2 _ MSline MSljne * environment 
H 
MSl ine 
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Table 3. Climatological data recorded at the Ames site. 
Maximum Temperature I°C) Precipitation (mm) 
Weeka 1989 1990 1989 1990 
1 16.4 19.8 39 15 
2 23.5 19.8 - 70 
3 26.3 19.8 25 86 
4 24.8 19.8 64 47 
5 27.8 23.2 22 7 
6 25.2 26.4 11 16 
7 24.9 28.5 3 110 
8 29.4 25.4 38 47 
9 28.9 32 .0 18 29 
10 33.9 31.8 - 62 
11 29.7 24.3 7 59 
12 26.4 26.4 48 19 
13 29.5 26.5 7 55 
14 30.9 24.8 8 12 
15 27.0 25.6 4 34 
16 26.4 28.4 14 41 
17 28.2 29.1 14 18 
18 27.4 30.0 8 9 
19 25.0 31.5 77 28 
20 20.3 27.4 1 -
21 23.4 19.7 - 23 
22 24.4 25.1 - -
Mean: 26.3 25.7 Total: 407 788 
a Week 1=1 May-7 May. 
Standard errors for heritabilities were calculated 
according to Hallauer and Miranda (1981). Genetic 
correlations were calculated using PROC MANOVA (SAS Institute, 
1988). Standard errors for genetic correlations were 
calculated following Falconer (1981) . 
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Linkage map and QTL analysis 
RFLP data were provided by Dr.K.G.Lark (University of 
Utah, Salt Lake City). Eighty-one RFLP, isozyme, and 
morphological markers were arranged in a linkage map using the 
computer program MAPMAKER/EXP 3.0 (Lander et al. 1987, Lincoln 
et al. 1992a). Twenty-five linkage groups were identified. 
Quantitative trait loci were identified by interval mapping 
(Lander and Botstein 1989) using the computer program 
MAPMAKER/QTL (Lincoln et al. 1992b, Paterson et al. 1988). 
Field evaluations were conducted on F2:5 and F2:6 families, 
whereas inferences were made to the population of F2 plants. 
Therefore, the additive model was used. Log-likelihood (LOD) 
scores were calculated at 2 cM increments. The presence of a 
QTL was declared when the LOD score exceeded a threshold of 
2.5. The position of a QTL was declared at the point on the 
map where the LOD score had its maximum. One-LOD support 
intervals were constructed around each QTL peak, corresponding 
to a probability of a factor ten less than the most likely 
position. 
Associations between markers and QTL and marker genotype 
x environment interaction were determined by two types of 
analysis of variance. For each trait in each of the seven 
single and combined environments, separate one-way analyses of 
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variance were carried out for 72 marker loci that showed 
codominance. Also, for each trait, but in a combined analysis 
across the four single environments, variation was partitioned 
into marker, environment, and marker x environment components 
for the 72 codominant markers. Dominant markers, of which 
there were 17, were not included in these analyses because, 
for these, only two marker classes were distinguishable, one 
showing a band in the RFLP analysis (called dominant), the 
other showing none. The dominant class contained a mixture of 
individuals of two different genotypes, the homozygous 
dominant genotype and the heterozygous genotype. 
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RESULTS 
Analysis of field data 
Trait means for the F2;5/F2:6 soybean families from the 
Minsoy x Noir 1 cross were quite similar for locations within 
years, but they varied greatly between years (Table 4; all 
figures and tables referred to in this chapter may be found at 
the end of the chapter). Seed yield was considerably higher 
in year one (Yl=1989) than in year two (Y2=1990). Seed-
protein and seed-oil contents were lower in Y1. Means for the 
developmental traits Rl, R8 and reproductive period were 
higher in Yl, and these longer growth periods probably 
resulted in the greater leaf area, plant height, lodging 
scores, and seed yield that occurred in year 1. 
Combined analyses of variance across environments showed 
highly significant genotype effects for all traits (Tables 5 
and Al). Genotype x environment interactions were 
significant for all traits except seed-oil content (P>Fge = 
0.62). Broad sense heritabilities were high for all traits, 
ranging from 0.79 to 0.96 (Table 6). 
Genetic correlations generally were in agreement with 
published results (Burton 1987, Table 7). They were highly 
significant between seed yield and Rl, R8, and plant height. 
Also, leaf area was highly correlated with Rl, R8, and seed 
yield, but not with the other traits. Seed-protein content 
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had negative correlations with seed yield and other traits 
that were highly associated with seed yield (Rl, R8, plant 
height). Seed-oil content was not correlated with any other 
trait, most notably not with seed-protein content. The 
correlation between these two traits was reported much greater 
in other studies (Burton 1985) . 
Analyses of marker data 
Linkage analysis produced a map consisting of 81 RFLP, 
isozyme, and morphological markers in 25 linkage groups, 
spanning a total of 888 cM with an average interval length of 
11 cM (Figure 1). An additional 8 polymorphic markers were 
unlinked. 
Quantitative trait loci analysis 
Quantitative trait loci (QTL) were identified for all 
traits except seed-protein content in at least one environment 
or environment combination. For the seven developmental and 
morphological traits and seed yield, QTL were clustered on two 
linkage groups, 2 and 16, while QTL for oil were localized to 
intervals on linkage groups 3, 9 and 31. A QTL for seed 
weight was identified on linkage group 1 also. 
QTL were expressed consistently, i.e., significantly in 
the same interval in all single and combined environments, 
only for plant height and lodging, traits which are highly 
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heritable and correlated (Tables 6,7,12 and 14, Figure 2). 
The QTL for plant height mapped to interval G173-A385 on 
linkage group 16 and this QTL accounted for at least 27.4%-
54.6% of the phenotypic variance in single and combined 
environments for this trait. The same region accounted for 
21.5%-46.2% of the phenotypic variance for lodging in the 
various single and combined environments analyzed. Canopy 
height, a trait highly correlated to plant height and lodging, 
was also linked to interval G173-A385, but only in E3, E4, Y2, 
and C {Table 13, Figure 2). The QTL for these three traits 
were mapped with the highest LOD scores of all traits 
evaluated. Noir 1, the taller parent with the lower lodging 
score, contributed the allele that increased plant height, 
canopy height and lodging score. 
The interval G173-A385 on linkage group 16 also was 
significantly associated with the traits Rl, R8 and seed 
yield, but the association with this interval was fairly 
consistent across environments only for Rl {Tables 8, 9 and 
17, Figure 3). For Rl, the LOD threshold of 2.5 was exceeded 
in El, E4, Yl, Y2 and C, for R8 in E4 and C, and for seed 
yield in E3, E4, Y2 and C. Again, the allele(s) contributing 
to an increase in values for these traits was derived from 
Noir 1. 
Rl and R8 each showed a second QTL associated with marker 
intervals on linkage group 2, but only in El. This linkage 
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group also had the only significant QTL for reproductive 
period and this occurred only in El (Table 10). Leaf area and 
seed yield also mapped QTL to intervals on chromosome 2 in El, 
E2, Yl and C (Table 11). The marker intervals on linkage 
group 2 associated with QTL in one or more environments or 
environmental combinations were BLT29-C56 for Rl, leaf area, 
and seed yield, A65x-BLT29 for R8, leaf area, and seed yield, 
R17X-A65 for reproductive period, and BLT3-L148 for seed 
yield. In all of these cases, Minsoy contributed the alleles 
that accounted for increases in trait values, even though it 
had lower yield in Yl and smaller leaf area than Noir 1. 
QTL for seed-oil content were localized to three linkage 
groups 3, 9, and 31 (Table 16, Figure 4). On linkage group 3 
QTL mapped to interval T153b-Alll in all environments or 
environmental combinations except E3. A QTL was associated 
with interval A82-A104 on linkage group 31 in E3. The 
interval A233-R51a on linkage group 9 contained a QTL for oil 
in E2, E4, Y2 and C. All QTL for increasing seed-oil content 
were contributed by Noir 1, with the Tl53b-Alll interval on 
linkage group 3 generally having the highest LOD score and 
largest effect. 
A QTL for seed weight was localized to linkage group 1 
only in C (Table 15). No QTL were identified for seed-protein 
content. 
Different niombers of QTL were identified in the 
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individual environments (Table 18). Of the individual 
location-year environments, QTL were detected more frequently 
in El and E4 than E2 and E3. Averaging across locations 
within years (Y1 and Y2) tended to identify about the same 
niimber of QTL as for individual environments (i.e., within the 
range of 5 to 9) . The greater niimber of QTL, eleven, were 
identified in the combined analysis (C) across environments. 
Analyses of varieuice 
The one-way analyses of variance generally confirmed the 
results from QTL analyses using interval mapping (Table 19). 
Linkage groups associated with QTL were identified through 
significant marker-trait associations for at least some of the 
markers of the linkage group. Markers of intervals linked to 
QTL with high LOD scores tended to show higher levels of 
significance than markers linked to QTL with lower LOD scores. 
For example, for plant height, the trait with the highest LOD 
scores in this study, all three markers on linkage group 16, 
G173, A385, and R160, were highly significant in all single 
and combined environments. However, for some traits which 
mapped QTL with lower LOD scores, marker-trait associations 
were significant for markers on the same linkage group but not 
necessarily belonging to the same support interval identified 
in the interval mapping analysis, e.g. L148 on linkage group 2 
for trait R1 in El. Several linked and unlinked probes were 
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significant in the analyses of variance that were not 
identified as significant in the QTL analyses. Of these, the 
unlinked probe R79 stands out, being significant for Rl, R8 
and seed yield in all seven single and combined environments. 
Genotype x environment interaction 
The combined analyses of variance across environments 
showed highly significant genotype x environment interaction 
for all traits except seed-oil content (Tables 5 and Al). 
Evidence of QTL x environment interaction varied among traits. 
Plant height and lodging were traits that showed the 
highest LOD scores for QTL, and no evidence for QTL x environ­
ment interaction (Tables 12 and 14). Significant QTL were 
identified consistently in the same interval, G173-A385, of 
linkage group 16, in single and combined environments for both 
traits. Differences in LOD score, percent variance accounted 
for, magnitude of QTL effect, and length of the support inter­
val occurred for plant height and lodging among the four envi­
ronments El, E2, E3, and E4, and this may be evidence for some 
level of QTL x environment interaction for these traits. 
There was much evidence for QTL x environment interaction 
for Rl, R8, leaf area, canopy height, and seed yield. A QTL 
for Rl was identified at the G173-A385 interval on linkage 
group 16 in El and E4. These environments were neither at the 
same test location (El = Ames, E4 = Bruner) nor in the same 
31 
year (Table 8). Another QTL for this trait was identified 
only at the BLT29-C56 interval on linkage group 2 in El. For 
R8, QTL were identified in El and E4 also, but they assigned 
to intervals in different linkage groups (Table 9). For leaf 
area, QTL were identified in El and E2 only, both on linkage 
group 2, but in different but adjacent intervals (Table 11). 
The QTL X environment interaction was caused by the yearly 
variation in leaf area expression. Likewise, a QTL was 
identified for canopy height in the G173-A385 interval of 
linkage group 16 for E3 and E4. Since both of these 
environments were in Y2, the QTL x environment interaction 
appears to be due to years (Table 13, Figure A8). One QTL was 
identified for seed yield in each environment (Table 17): 
However, the QTL in El and E2 were located on linkage group 2, 
whereas the QTL identified in E3 and E4 was located on linkage 
group 16. Thus for seed yield two types of QTL x environment 
interaction occurred: (a) different linkage groups were 
involved in seed yield expression in Yl and Y2, and (b) in Yl, 
the QTL, identified in El and E2, although both on the same 
linkage group are assigned to different intervals. Obviously, 
QTL x environment interaction occurred for all of these 
traits. 
Seed-oil content, for which the genotype x environment 
interaction from the analysis of variance was not significant, 
nevertheless showed evidence for QTL x environment interaction 
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(Table 16) . As with seed yield, one or more QTL was 
identified for seed-oil content in each environment: However, 
the intervals on linkage groups and the linkage groups to 
which QTL were assigned varied from environment to 
environment. A QTL for seed-oil content was assigned to the 
T153b-Alll interval in El and E2, and the AllO-I interval in 
E4, both of which occur on linkage group 3. A QTL was 
identified in the A233-R51a interval of linkage group 9 in E2 
and E4. The only QTL in E3 was assigned to the A82-A104 
interval of linkage group 31. Thus, even though the genotype 
X environment interaction mean square from the analysis of 
variance was not significant (Table 5), a QTL x environment 
interaction did occur for this trait. 
In spite of evidence for genotype x environment 
interaction for most traits in the analyses of variance, and 
for QTL x environment interaction for several traits, the 
plots for LOD scores along linkage groups tended to show 
similar patterns (Figures A1-A15). A good example of this is 
shown for R1 on linkage group 2 (Figure Al). A peak in the 
LOD score occurred in BLT29-C56 interval in all four 
environments El, E2, E3, and E4, but a significant LOD score 
for this interval occurred only in El. Another example 
occurred for seed weight and linkage group 1. An elevated LOD 
score occurred in the L2b-R17a interval in all four single 
environments, but no LOD for a single environment reaches 2.5, 
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the significance level. The ciimulative effect across 
environments did result in a LOD score above 2.5 and thus, the 
assignment of a QTL to this interval for seed weight. Thus, 
in many instances, even though the absolute values for LOD 
scores did not reach significance, peaks at certain intervals 
tended to coincide across environments, i.e. a putative QTL 
mapped to the same region in all environments. 
This lack of QTL x environment interaction as expressed 
in coinciding peaks was confirmed in the combined analyses of 
variance of individual markers across environments (data not 
shown). Marker x environment interaction was significant at 
the 0.01 level only for canopy height and and marker G173 on 
linkage group 16. For this trait, there were also great 
differences in LOD scores along linkage group 16 between years 
(Figure A8). 
The fact that QTL peaks coincide across environments, yet 
may not reach the declared significance threshold in all 
environments, adds another dimension to judging the 
consistency of QTL expression across environments. In a 
practical breeding program, consistency of trait expression 
may be more important than the exact level of expression. 
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Figure 1. Genetic linkage map for 'Minsoy x Noir 1' popula­
tion (81 loci, total map lenght = 888 cM, average 
interval length = 11 cM) . Notation after Lark et 
al. (1993). 
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Figure 2. Estimated QTL positions for plant height, canopy-
height, and lodging on linkage group 16 of the soy­
bean molecular genetic map based on the Minsoy x 
Noir 1 cross. QTL positions shown on the basis of 
data from single environments (El, E2, E3, E4), 
years (Yl, Y2), and all environments combined (C). 
QTL significance threshhold =2.5 log-likelihood 
units. Support intervals (represented by vertical 
bars extending from diamond-shaped peak symbols) 
indicate a one unit decrease in log likelihood. 
Intensity of shading indicates log-likelihood value 
at the QTL peak, ranging from 2.6 (lighter) to 4.6 
(darker). 
Figure 3. Estimated QTL positions for seed yield, Rl, R8, and 
leaf area on linkage groups 16 and 2 of the soybean 
molecular genetic map based on the Minsoy x Noir 1 
cross. QTL positions shown on the basis of data 
from single environments (El, E2, E3, E4), years 
(Yl, Y2), and all environments combined (C). Sup­
port intervals (represented by vertical bars ex­
tending from diamond-shaped peak symbols) indicate 
a one unit decrease in log likelihood. Intensity 
of shading indicates log-likelihood value at the 
QTL peak, ranging from 4.3 (lighter) to 11 
(darker). 
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Figure 4. Estimated QTL positions for seed-oil content on 
linkage group 16 of the soybean molecular genetic 
map based on the Minsoy x Noir 1 cross. QTL posi­
tions shown on the basis of data from single envi­
ronments (El, E2, E3, E4), years (Yl, Y2), and all 
environments combined (C). QTL significance 
threshhoid = 2.5 log-likelihood units. Support 
intervals (represented by vertical bars extending 
from diamond-shaped peak symbols) indicate a one 
unit decrease in log likelihood. Intensity of 
shading indicates log-likelihood value at the QTL 
peak, ranging from 2.6 (lighter) to 6.3 (darker). 
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Table 4. Trait means, standard errors, standard deviations 
and coefficients of variance for parents and 
segregates from the Minsoy x Noir 1 soybean cross 
tested in single environments (El, E2, E3,E4), 
years (Yl, Y2), and combined over environments (C) 
Fcr/Ffi families Minsoy Noir 1 
Trait Env Mean ± s.e. SD CV Mean Mean 
R1 El 41 ± 0.3 2.8 7.0 41 41 
(days) E2 41 ± 0.3 2.3 5.7 40 41 
E3 37 ± 0.3 2.2 5.9 37 37 
E4 36 ± 0.3 2.3 6.4 35 37 
Yl 41 ± 0.3 2.5 6.1 41 41 
Y2 37 ± 0.3 2.2 6.0 36 37 
C 39 ± 0.3 2.3 5.9 38 39 
R8 El 103 ± 0.6 4.9 4.8 99 99 
(days) E2 104 ± 0.6 4.9 4.7 100 101 
E3 95 ± 0.4 3.7 3.9 91 96 
E4 93 ± 0.4 3.7 4.0 90 94 
Yl 103 ± 0.6 4.8 4.7 99 100 
Y2 94 ± 0.4 3.6 3.9 90 95 
C 99 ± 0.5 4.1 4.2 95 98 
Reproductive El 63 ± 0.4 3.7 6.0 58 59 
period (days) E2 62 ± 0.5 4.1 6.5 60 60 
E3 57 ± 0.3 2.7 4.8 54 58 
E4 57 ± 0.3 2.5 4.4 55 57 
Yl 63 ± 0.4 3.8 6.0 59 59 
Y2 57 ± 0.3 2.5 4.4 54 58 
C 60 ± 0.3 3.0 5.0 57 58 
Leaf area El 471 ± 7 60 12.7 434 561 
(cm^) E2 502 ± 7 62 12.4 402 587 
E3 421 ± 6 48 11.5 288 604 
E4 457 ± 6 49 10.8 309 664 
Yl 486 ± 6 56 11.6 418 574 
Y2 439 ± 5 46 10.5 298 634 
C 463 ± 5 47 10.2 358 604 
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Table 4. Continued. 
/Fg families Minsoy Noir 1 
Trait Env Mean ± s.e. SD CV Mean Mean 
Plant height El 72 ± 1.3 10 .6 15.7 64 85 
(cm) E2 60 ± 1.2 10 .8 17.9 67 86 
E3 55 ± 1.4 11 .8 21.3 41 69 
E4 58 ± 1.5 12 .8 22.0 42 70 
Y1 66 ± 1.2 10 .7 16.1 65 86 
Y2 57 ± 1.4 11 .9 20.9 41 70 
C 61 ± 1.1 10 .0 16.5 53 78 
Canopy height El 51 ± 0.7 6 .4 12.5 40 57 
(cm) E2 51 ± 0.9 7 .5 14.5 43 65 
E3 52 ± 1.1 9 .8 19.0 38 68 
E4 53 ± 1.1 9 .7 18.2 37 71 
Y1 51 ± 0.7 6 .1 12.0 42 61 
Y2 53 ± 1.1 9 .5 18.0 37 70 
C 52 ± 0.8 7 .0 13.6 39 65 
Lodging El 2.9 + 0.07 0. 63 21.6 3.8 2.9 
(score 1-5) E2 2.9 ± 0.09 0. 75 26.2 3.9 2.8 
E3 1.9 ± 0.06 0. 55 29.1 2.4 1.5 
E4 2.2 ± 0.07 0. 58 26.4 2.3 1.5 
Y1 2.9 ± 0.07 0. 62 21.5 3.8 2.9 
Y2 2.0 ± 0.06 0. 53 25.7 2.3 1.5 
C 2.5 ± 0.06 0. 50 20.3 3.1 2.2 
Seed weight El 12.2 ± 0.10 0. 90 7.3 12.0 11.9 
(mg) E2 12.6 ± 0.10 0. 88 7.0 12.7 12.6 
E3 13.3 ± 0.12 1. 00 7.6 12.7 13 .9 
E4 12.9 ± 0.11 0. 98 7.6 11.8 14.4 
Y1 12.4 ± 0.10 0. ,86 7.0 12.3 12.3 
Y2 13.1 ± 0.11 0. ,95 7.3 12.3 14.1 
C 12.8 ± 0.10 0, .84 6.6 12.3 13.2 
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Table 4. Continued. 
F5/F6 families Minsoy Noir 1 
Trait Env Mean ± s. e. SD CV Mean Mean 
Seed protein El 40.5 ± 0, 12 1.1 2. 7 40.2 42.1 
{ % )  E2 40.0 ± 0, .11 1.0 2. 5 39.0 41.3 
E3 42.4 ± 0, .08 0.7 1. 6 41.5 42.0 
E4 43.0 ± 0, .10 0.8 1. 9 41.5 42.8 
Y1 40.3 ± 0, .11 1.0 2. 4 39.6 41.7 
Y2 42.7 ± 0, .08 0.7 1. 7 41.5 42.4 
C 41.5 ± 0 .09 0.8 1. ,8 40.6 42.1 
Seed oil El 19.1 ± 0 .10 0.9 4, ,6 18.9 20.6 
( % )  E2 19.2 ± 0 .09 0.8 4, ,1 19.0 20.6 
E3 19.8 ± 0 .10 0.9 4. 3 19.3 20.3 
E4 19.6 ± 0 .09 0.7 3. 8 18.5 20.3 
Y1 19.1 ± 0 .09 0.8 4. 1 19.0 20.6 
y2 19.7 ± 0 .08 0.7 3, .7 18.9 20.3 
C 19.4 ± 0 .08 0.7 3, .7 19.0 20.5 
Seed yield El 2819 + 44 387 13 .7 2607 2494 
(kg ha~^) E2 2637 ± 45 396 15 .0 2726 2709 
E3 1692 ± 44 379 22 .4 1473 2057 
E4 1871 ± 47 412 22 .0 1232 2197 
Y1 2728 ± 42 370 13 .6 2667 2601 
Y2 1782 ± 43 373 20 .9 1353 2127 
C 2255 ± 40 346 15 .4 2010 2364 
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Table 5. F values for genotypic (Fg) and genotype x 
environment interaction (Fge) effects and their 
respective probability (Pr) levels from analyses 
of variance for various soybean traits combined 
over environments. 
Trait F, Pr>Fg F. ge Pr>Fge 
R1 47 .93 0.0001 2 .15 0, 0001 
R8 73 .67 0.0001 2 .77 0, .0001 
Reproductive period 28 .39 0.0001 2 .24 0, .0001 
Leaf area 10 .08 0.0001 1 .29 0, .0101 
Plant height 35 .97 0.0001 1 .40 0, .0012 
Canopy height 11 .98 0.0001 1 .94 0, .0001 
Lodging 7 .98 0.0001 1 .68 0, .0001 
Seed weight 29 .78 0.0001 2 .37 0, .0001 
Seed protein 10 .26 0.0001 1 .74 0, .0001 
Seed oil 9 .31 0.0001 0 .96 0, .6215 
Seed yield 13 .41 0.0001 1 .39 0, .0014 
Table 6. Genotypic (CJg), genotype x environment (0^^) and 
phenotypic (CJp^) variance components and 
heritabilites computed on basis of expectated mean 
squares from combined analyses of variance over 
Trait CJ 
2 
B ge ph 
2 
h ± s. e. 
R1 5 .03 0.51 5.27 0 .96 ± 0. 16 
R8 16 .34 1.63 16.98 0 .96 ± 0. 16 
Reproductive period 8 .24 1.56 8.94 0 .89 ± 0. 17 
Leaf area 1, 977 .80 261.38 2268.75 0 .87 ± 0. 16 
Plant height 120 .76 5.54 125.65 0 .96 ± 0. 16 
Canopy height 40 .94 15.28 48.86 0 .84 + 0. 16 
Lodging 0 .20 0.08 0.25 0 .79 + 0. 16 
Seed weight 2 .64 0.52 2.87 0 .92 ± 0. 16 
Seed protein 0 .46 0.16 0.56 0 .83 ± 0. 16 
Seed oil 0 .45 -0.01 0.50 0 .90 ± 0. 16 
Seed yield 109,129 .74 13,953.51 121,765.85 0 .90 ± 0. ,16 
Table 7. Genotypic correlations among various soybean traits based on means from four 
environments. 
R8 
Reprod. 
period 
Leaf 
area 
Plant 
height 
Canopy 
height Lodging 
Seed 
weight 
Seed 
protein 
Seed 
oil 
Seed 
Yield 
R1 *** 0.68 0.23* 0 
*** 
.53 
*** 
0.59 
*** 
0.61 
*** 
0.34 -0.23 
*** 
-0.31 0.10 
*** 
0.74 
R8 0.80*** 0 .69*** 0.53*** 0.71*** 0.13 -0.03 -0.26* 0.11 0.83*** 
Reprod. 
period 
0 .56*** 0.29* 0.53*** -0.08 0.13 -0.13 0.08 0.60*** 
Leaf 
area 
0.32*** 0.48*** -0.08 -0.01 -0.22 0.04 0.61*** 
Plant 
height 
0.83*** 0.78*** -0.15 -0.29* 0.07 0.71*** 
Canopy 
height 
0.46*** -0.12 -0.28* 0.15 0.79*** 
Lodging -0.18 -0.25* 0.15 0.37*** 
Seed 
weight 
0.36*** 0.11 -0.14 
Seed 
protein 
-0.05 
-0.41*** 
Seed oil 0.09 
* p<0.05 
*** p<0.01 
Tcible 8. Linkage group intervals of putative QTL for R1 for segregates from the 
Minsoy x Noir 1 soybean cross when tested in individual environments (El, 
E2, E3, E4), years (Yl, Y2), and combined over environments (C), using an 
additive genetic model, LOD threshold = 2.5, and support interval (S.I.) 
fall-off = 1.0 log-likelihood unit. Percent variance refers to the 
proportion of phenotypic variation associated with a QTL. Direction 
indicates the parent whose allele contributes to an increase in trait 
value. 
Envi ronment 
Linkage 
group Interval LOD 
S.I. 
Length 
(cM) 
% 
Variance 
Weight 
(days) Direction 
El 2 BLT29-C56 2.78 26 18.8 1.9 Minsoy 
16 G173-A385 2.90 12 18.0 1.6 Noir 1 
E2 -
E3 -
E4 16 G173-A385 2.95 20 18.0 1.3 Noir 1 
Yl 16 G173-A385 2.76 14 17.2 1.4 Noir 1 
Y2 16 G173-A385 2.52 29 15.7 1.1 Noir 1 
C 16 G173-A385 2.77 19 17.2 1.2 Noir 1 
Table 9. Linkage group intervals of putative QTL for R8 for segregates from the 
Minsoy x Noir 1 soybean cross when tested in individual environments (El, 
E2, E3, E4), years (Yl, Y2), and combined over environments (C), using an 
additive genetic model, LOD threshold = 2.5, and support interval (S.I.) 
fall-off = 1.0 log-likelihood unit. Percent variance refers to the 
proportion of phenotypic variation associated with a QTL. Direction 
indicates the parent whose allele contributes to an increase in trait 
value. 
Environment 
Linkage 
group Interval LOD 
S.I, 
Length 
(cM) Variance 
Weight 
(days) Direction 
El 
E2 
E3 
E4 
Yl 
Y2 
C 
A65X-BLT29 2.85 
16 G173-A385 2.73 
16 G173-A385 2.77 
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16 
18 
2 8 . 8  
16.7 
17.2 
3.8 
1.9 
1.2 
Minsoy 
Noir 1 
Noir 1 
A 
Table 10. Linkage group intervals of putative QTL for reproductive period for 
segregates from the Minsoy x Noir 1 soybean cross when tested in 
individual environments (El, E2, E3, E4), years (Yl, Y2), and combined 
over environments (C), using an additive genetic model, LOD threshold = 
2.5, and support interval (S.I.) fall-off = 1.0 log-likelihood unit. 
Percent variance refers to the proportion of phenotypic variation 
associated with a QTL. Direction indicates the parent whose allele 
contributes to an increase in trait value. 
S.I. 
Linkage Length % Weight 
Environment group Interval LOD (cM) Variance (days) Direction 
El 2 R17x-A65 2.87 28 24.9 2.8 Minsoy 
E2 
E3 
E4 
Yl 
Y2 
C 
ii^ 
Table 11. Linkage group intervals of putative QTL for leaf area for segregates 
from the Minsoy x Noir 1 soybean cross when tested in individual 
environments (El, E2, E3, E4), years (Yl, Y2), and combined over 
environments (C), using an additive genetic model, LOD threshold = 2.5, 
and support interval (S.I.) fall-off = 1.0 log-likelihood unit. Percent 
variance refers to the proportion of phenotypic variation associated 
with a QTL. Direction indicates the parent whose allele contributes to 
an increase in trait value. 
Environment 
Linkage 
group Interval LOD 
S.I. 
Length 
(cM) 
% 
Variance 
Weight 
(cm^) Direction 
El 2 A65X-BLT29 3.16 34 35.0 50 Minsoy 
E2 2 BLT29-C56 2.60 56 19.9 40 Minsoy 
E3 -
E4 -
Yl 2 A65X-BLT29 3.28 36 33.8 47 Minsoy 
Y2 -
C 2 A65X-BLT29 3.23 34 36.7 41 Minsoy 
Table 12. Linkage group intervals of putative QTL for plant height for segregates 
from the Minsoy x Noir 1 soybean cross when tested in individual 
environments (El, E2, E3, E4), years (Yl, Y2), and combined over 
environments (C), using an additive genetic model, LOD threshold = 2.5, 
and support interval (S.I.) fall-off = 1.0 log-likelihood unit. Percent 
variance refers to the proportion of phenotypic variation associated 
with a QTL. Direction indicates the parent whose allele contributes to 
an increase in trait value. 
Environment 
Linkage 
group Interval LOD 
S.I. 
Length 
(cM) 
% 
Variance 
Weight 
(cm) Direction 
El 16 G173-A385 5.76 12 35.4 8.5 Noir 1 
E2 16 G173-A385 4.30 12 27.4 7.8 Noir 1 
E3 16 G173-A385 8.83 8 47.9 10.8 Noir 1 
E4 16 G173-A385 9.82 29 48.1 11.7 Noir 1 
Y1 16 G173-A385 11.00 29 54.6 10.5 Noir 1 
Y2 16 G173-A385 10.27 6 52.7 11.4 Noir 1 
C 16 G173-A385 10.58 8 53.9 9.6 Noir 1 
Table 13, Linkage group intervals of putative QTL for canopy height for segregates 
from the Minsoy x Noir 1 soybean cross when tested in individual 
environments (El, E2, E3, E4), years (Yl, Y2), and combined over 
environments (C), using an additive genetic model, LOD threshold = 2.5, 
and support interval (S.I.) fall-off = 1.0 log-likelihood unit. Percent 
variance refers to the proportion of phenotypic variation associated 
with a QTL. Direction indicates the parent whose allele contributes to 
an increase in trait value. 
Environment 
Linkage 
group Interval LOD 
S.I. 
Length 
(cM) 
% 
Variance 
Weight 
(cm) Direction 
El 
E2 
E3 
E4 
Yl 
Y2 
C 
16 
16 
16 
16 
G173-A385 
G173-A385 
G173-A385 
G173-A385 
8.53 
7.11 
8 . 2 8  
4.60 
8 
10 
10 
12 
43 .7 
41.7 
44.6 
26.5 
8.5 
8.3 
8.4 
4.7 
Noir 1 
Noir 1 
Noir 1 
Noir 1 
Table 14. Linkage group intervals of putative QTL for lodging for segregates from 
the Minsoy x Noir 1 soybean cross when tested in individual environments 
(El, E2, E3, E4), years (Yl, Y2), and combined over environments (C), 
using an additive genetic model, LOD threshold = 2.5, and support 
interval (S.I.) fall-off = 1.0 log-likelihood unit. Percent variance 
refers to the proportion of phenotypic variation associated with a QTL. 
Direction indicates the parent whose allele contributes to an increase 
in trait value. 
Environment 
Linkage 
group Interval LOD 
S.I. 
Length 
(cM) 
% 
Variance Weight Direction 
El 16 G173-A385 5.11 10 29.2 0.45 Noir 1 
E2 16 G173-A385 8.18 10 42.2 0.65 Noir 1 
E3 16 G173-A385 3.37 14 21.5 0.33 Noir 1 
E4 16 G173-A385 4.36 14 25.3 0.36 Noir 1 
Yl 16 G173-A385 8.64 29 43.9 0.55 Noir 1 
Y2 16 G173-A385 4.63 14 29.3 0.36 Noir 1 
C 16 G173-A385 9.28 29 46.2 0.44 Noir 1 
Table 15. Linkage group intervals of putative QTL for seed weight for segregates 
from the Minsoy x Noir 1 soybean cross when tested in individual 
environments (El, E2, E3, E4), years (Yl, Y2), and combined over 
environments (C), using an additive genetic model, LOD threshold = 2.5, 
and support interval (S.I.) fall-off = 1.0 log-likelihood unit. Percent 
variance refers to the proportion of phenotypic variation associated 
with a QTL, Direction indicates the parent whose allele contributes to 
an increase in trait value. 
__ 
Linkage Length % Weight 
Environment group Interval LOD (cM) Variance (g) Direction 
El 
E2 
E3 
E4 
Yl 
Y2 
C 1 L2b-R17a 2.61 29 19 0.54 Minsoy 
Table 16. Linkage group intervals of putative QTL for seed-oil content for 
segregates from the Minsoy x Noir 1 soybean cross when tested in 
individual environments (El, E2, E3, E4), years (Yl, Y2), and combined 
over environments (C), using an additive genetic model, LOD threshold = 
2.5, and support interval (S.I.) fall-off = 1.0 log-likelihood unit. 
Percent variance refers to the proportion of phenotypic variation 
associated with a QTL. Direction indicates the parent whose allele 
contributes to an increase in trait value. 
S.I. 
Linkage Length % Weight 
Environment group Interval LOD (cM) Variance (%) Direction 
El 3 T153b-Alll 6.27 24 39.5 0.82 Noir 1 
E2 3 T153b-Alll 3.48 38 21.3 0.56 Noir 1 
9 A233-R51a 2.51 39 22.1 0.51 Noir 1 
E3 31 A82-A104 2.72 8 17.3 0.48 Noir 1 
E4 3 AllO-I 4.06 33 32.9 0.60 Noir 1 
9 A233-R51a 2.54 50 21.8 0.46 Noir 1 
Yl 3 T153b-Alll 5.50 30 35.7 0.71 Noir 1 
9 A233-R51a 2.80 33 22.1 0.49 Noir 1 
Y2 3 AllO-I 3.66 32 29.5 0.55 Noir 1 
C 3 I-T153b 4.93 30 28.4 0.56 Noir 1 
9 A233-R51a 2.58 47 21.9 0.45 Noir 1 
Table 17. Linkage group intervals of putative QTL for seed yield for segregates 
from the Minsoy x Noir 1 soybean cross when tested in individual 
environments (El, E2, E3, E4), years (Yl, Y2), and combined over 
environments (C), using an additive genetic model, LOD threshold = 2.5, 
and support interval (S.I.) fall-off = 1.0 log-likelihood unit. Percent 
variance refers to the proportion of phenotypic variation associated 
with a QTL. Direction indicates the parent whose allele contributes to 
an increase in trait value. 
S.I. 
Linkage Length % Weight 
Environment group Interval LOD (cM) Variance (mg) Direction 
El 2 BLT32-L148 2.59 30 19.3 224 Minsoy 
E2 2 A65-BLT29 4.62 32 48.1 429 Minsoy 
E3 16 G173-A385 3.04 10 18.6 209 Noir 1 
E4 16 G173-A385 4.69 12 27.0 276 Noir 1 
Yl 2 A65-BLT29 3.25 49 33.9 333 Minsoy 
Y2 16 G173-A385 4.41 10 25.7 243 Noir 1 
C 2 A65-BLT29 2.66 47 27.6 278 Minsoy 
16 G173-A385 3.57 12 21.5 209 Noir 1 
Table 18. Numbers of QTL identified for several soybean traits in the Minsoy x 
Noir 1 cross when tested in individual environments (El, E2, E3, E4), 
years (Yl, Y2), and across environments (C) by using interval mapping 
(LOD threshold = 2.5). 
El E2 E3 E4 Yl Y2 C 
Ames Burkey Burkey Bruner 
Trait 1989 1990 1990 1990 1989 1990 Combined 
R1 2 0 0 1 1 1 1 
R8 1 0 0 1 0 0 1 
Reproductive period 1 0 0 0 0 0 0 
Leaf area 1 1 0 0 1 0 1 
Plant height 1 1 1 1 1 1 1 
Canopy height 0 0 1 1 0 1 1 
Lodging 1 1 1 1 1 1 1 
Seed weight 0 0 0 0 0 0 1 
Seed protein 0 0 0 0 0 0 0 
Seed oil 1 2 1 2 2 1 2 
Seed yield 1 1 1 1 1 1 2 
Total number 9 6 5 8 7 6 11 
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Table 19. Probes which showed significant associations 
with phenotypic traits of soybean in single 
environments (El, E2, E3, E4), years (Yl, Y2), 
and combined over environments (C). 
Trait Probe LG El E2 E3 E4 Yl Y2 C Total 
R1 L148 2 * 1 
BLT29 2 * * * * 4 
R160 16 * * * * * 5 
G173 16 * * * * * 5 
9  *  * * *  * * *  * * * *  7  
BLT13 12 * * 2 
R8 L148 2 * * * 3 
BLT29 2 * * * 3 
R17x 2 * * * 3 
A65 2 * 1 
^ *** *•*•* *** •*•** *** *** *** "y 
BLT13 12 * * * * * 5 
R160 16 * 1 
0173 16 * * 2 
Leaf BLT29 2 * * * 3 
area A65 2 * * * 3 
BLTll 13 * 1 
Pb 13 * * * 3 
g *** * **3 
BLT13 12 ** * * * 4 
A262 7 * 1 
R160 16 *** *** *** *** *** *** *** "1 
G173 16 *** *** *** *** *** *** *** "7 
A3 85 16 *** *** *** *** *** *** *** 6 
Canopy R17x 2 * 1 
height A65 2 * 1 
R79 ** * * 3 
BLT13 12 * 1 
R160 16 ** ** *** ** 4 
G173 16 *** *** *** *** 4 
A385 16 ** ** ** * 4 
BLT57 * * * 3 
5 
7 
4 
1 
1 
1 
1 
1 
4 
2 
5 
2 
5 
3 
1 
1 
1 
1. 
2 
4 
2 
7 
4 
6 
1 
2 
3 
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Continued. 
Probe LG El E2 E3 E4 Y1 Y2 
R160 16 * -kic * *  •  
G173 16 * *  * * *  • * * • * * 
A3 85 16 * * • * * * *  
R45 
C56 2 
L2b 1 * 
R17a 1 
BLT29 2 
W1 11 
R79 
G214 12 
C59 
R160 16 
T153b 3 ieie-k -kick * * • • • 
Alll 3 * * 
Alio 3 * * • • 
RSla 9 * •k * 
G214 12 * 
A82 31 * 
A104 31 * 
L153 17 * 
L148 2 * • 
A65 2 * * * 
BLT29 2 * *  
R79 * *  * *  * *  * k k ie "k k 
BLT13 12 * * -k 
G173 16 * -k-k •k k -k k • * 
Alll 3 •k 
BLT8 8 •k • 
R160 16 * • 
A3 85 16 * 
BLT57 * 
0.01 
0.001 
0.0001 
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DISCUSSION 
The soybean genetic map used in this study consists of 81 
markers, most of which belong to a subset of 132 markers used 
by Lark et al. (1993) to construct a linkage map for the 
soybean cross Minsoy x Noir 1. The linear order of markers is 
generally in good agreement with the map published by Lark et 
al, (1993) with one exception: linkage group 2/14. In this 
linkage group, the order of markers is different for markers 
L148, C56 and BLT29, it contains marker BLT32 which is not 
placed on Lark's map, and it combines markers that in Lark's 
map are placed to two different linkage groups, 2 and 14. The 
difference can be explained by five additional markers on 
those two linkage group in Lark's map, which allowed a more 
accurate linear arrangement of markers. Also, I was not able 
to link markers R56 and R79 as linkage group 15 with a 
significance level of LOD 3 because they were linked too far 
apart (42.1 cM). In contrast to 31 linkage groups comprising 
1550 cM identified by Lark et al.(1993), the map used herein 
identified only 25 linkage groups and 888 cM. This left a 
large portion of the soybean genome unavailable for detection 
of QTL. Nevertheless, these results were similar to those of 
Mansur et al. (1993) who mapped agronomic traits using the 
extended map. 
Quantitative trait loci for developmental and 
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morphological traits (Rl, R8, reproductive period, plant 
height, lodging, leaf area) tended to be clustered in two 
intervals, which were also associated with seed yield. 
Quantitative trait loci for seed-oil content and seed weight 
were localized on separate linkage groups. These results are 
consistent with the genetic correlations among traits. 
Clustering of highly correlated traits to the same linkage 
groups has also been observed in maize (Jarboe 1993, Stuber et 
al. 1992, Zehr et al. 1992). Specifically, seed-yield peaks 
and support intervals coincided often with plant height and 
lodging QTL peaks and support intervals in barley (Hordeum 
vulgare, Hayes et al. 1993), and in maize, QTL for yield were 
also found near those associated with leaf area and plant 
height, traits that are associated with overall plant vigor 
(Stuber et al. 1992) . This clustering of QTL could be due to 
few major genes with pleiotropic effects or to a set of linked 
genes co-segregating. 
Quantitative trait loci for seed-oil content were located 
on the map separately from other traits and unexpectedly, 
seed-oil content was not correlated with seed-protein content 
nor with seed yield. Data were based on a relatively small 
population of 76 families, however. In fact, for a 
larger population of 284 recombinant inbred lines derived from 
the same cross Minsoy x Noir 1, the genetic correlation 
between seed-oil and seed-protein content was -0.9 (Mansur et 
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al. 1994). Diers et al. (1992b) identified 17 markers 
significantly associated with protein and oil. These were 
clustered mostly on two linkage groups, and five markers were 
actually associated with both traits. Alleles associated with 
increased levels of one trait were generally associated with 
lower levels of the other trait. These data were therefore 
more consistent with the negative correlation often found 
between protein and oil. More recent data on epistatic gene 
action for a QTL affecting protein and oil (Lark et al. 1994) 
may indicate that simple models of gene action for protein and 
oil will have to be revised. 
The analyses of single and combined environments to a 
large degree confirmed the results of Mansur et al. (1993) who 
analyzed data equivalent to Y2. Differences resulted from the 
use of different linkage maps. Since Mansur et al. (1993) 
used the extended map of Lark et al. (1993) for QTL mapping, 
they were able to more precisely locate QTL for Rl, R8, leaf 
area and seed yield on linkage group 2 by placing them in a 
smaller interval, A397-BLT29, of only 7 cM. Another important 
difference between the genetic map published by Lark et al. 
(1993) and this map was the presence of linkage group 15 in 
their map. Mansur et al. (1993) found QTL for six traits 
closely associated with marker R79 on linkage group 15. These 
results were confirmed for maturity (R8) by using extreme 
phenotypes of a population of recombinant inbred lines (Mansur 
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et al. 1994). The absence of linkage group 15 in my study may 
have affected my results by increasing the variance accounted 
for and the effect of other QTL for these traits on different 
linkage groups. Marker R79 in this study, however, was still 
identified as a highly significant marker for at least three 
traits by analyses of variance. 
Quantitative trait locus x environment interaction was 
expressed in this study in two ways: (1) significant effects 
detected only in a subset of the total number of environments 
and (2) changes in the magnitude of significant effects of QTL 
across environments. 
Quantitative trait loci for Rl, R8, and leaf area are 
examples of the first case, where significant QTL were only 
detected in a subset of environments. It appears that QTL for 
these traits on linkage group 2 were more important in 
determining plant development and seed yield in year 1 than in 
year 2. The allele increasing the trait value came from 
Minsoy, the parent with slightly higher seed yield in year 1. 
In year 2, however, Noir 1 had a much higher seed yield than 
Minsoy. In both environments in year 2 (E3 and E4), Rl, R8 
and seed yield mapped to linkage group 16 where an allele from 
Noir 1 accounted for an increase in trait value. 
Quantitative trait loci for plant height and lodging are 
examples of the second case of QTL x environment interaction, 
which is expressed as changes in magnitude of significant QTL 
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effects. Even though LOD scores were significant in all seven 
single and environment combinations, there were still 
differences in magnitude of LOD score and QTL effect. 
While evidence for QTL x environment interaction varied 
among traits, its significance for plant breeding depends on 
objectives. Plant height and lodging were two traits for 
which QTL were consistently expressed across single and 
combined environments, and thus are examples of desirable QTL 
if consistent performance over a range of environments is 
desired. 
Evidence for QTL x environment interaction for other 
traits such as Rl, R8, leaf area, seed-oil content, and seed 
yield is not, at this point, useful to the applied plant 
breeder, if the objective was breeding for a specific 
environment. First, it is not clear whether the QTL x 
environment interaction displayed on linkage group 2, i.e. 
peaks in different intervals and long support intervals, would 
be apparent when a more densely marked linkage map were used. 
Second, for this set of environments, the environmental 
variation among them can be considered mostly unpredictable 
because it includes factors such as temperature and 
precipitation. Only if specific environments can be predicted 
or specified in advance, can particular QTL be sufficiently 
tested for differential performance across production regions, 
and utilized accordingly in a breeding program. 
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Previous studies have shown that QTL with large effects 
and/or high LOD scores tend to be detected in more 
environments, whereas regions with small effects are 
significant only in a subset of environments (Jarboe 1993, 
Stuber 1992). A QTL for seed weight on linkage group 1 might 
be considered one with a small effect and low LOD score, 
significant only in the combined environment (C). However, 
plots of LOD scores along the linkage group show coinciding 
peaks in all single environments. Therefore, this apparent 
QTL X environment interaction is not incompatible with 
consistent expression across environments and breeding for 
that objective. 
The analyses of variance combined over environments 
showed significant genotype x environment interaction for all 
traits except seed-oil content. Still, results indicated that 
a trait exhibiting significant genotype x environment 
interaction such as plant height could be partially controlled 
by a QTL consistently expressed over environments. Further, 
plots of LOD scores often showed coinciding peaks, and the 
marker x environment variance component in the combined 
analysis of variance was significant in only one of 792 cases 
(11 traits and 72 markers), which could be interpreted as 
relatively stable expression of QTL across environments for 
most traits in this study. This lack of markers expressing 
significant marker x environment interaction is in agreement 
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with previous studies (Gocken 1993, Jarboe 1993, Stuber 1992, 
Guffy 1989) . The limited evidence for interaction of 
environments with QTL led Stuber et al. (1992) to believe that 
it may be possible to reliably detect major QTL in relatively 
few environments, possibly no more than two or three. Based 
on similar results, there was also general lack of evidence 
for significant QTL x environment interaction in maize (Jarboe 
1993, Gocken 1993, Stuber et al. 1992) and barley (Hayes et 
al. 1993) . 
Considering the small number of markers available for 
this study and their rather uneven spacing, all QTL mapping 
results can only be considered preliminary. There is 
evidence, however, that modest experiments with small 
populations and relatively small number of markers can 
identify real QTL, as suggested for plant height in maize by 
Beavis et al. (1991). Still, follow-up analysis will include 
fine mapping of the intervals containing QTL, and an increase 
in niimber of progeny evaluated in order to achieve closer 
linkage of marker and QTL for further manipulation. 
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Table Al. Combined analyses of variance for segregates from 
the Minsoy x Noir 1 soybean cross for various 
soybean traits. 
R1 
Source DF Type III SS Mean Square F Value Pr > F 
ENV 
REP(ENV) 
LINE 
ENV*LINE 
3 
7 
75 
225 
3798.04025 
45.47374 
4198.93376 
566.16418 
1266.01342 
6.49625 
55.98578 
2.51629 
1083.92 
5.56 
22.25 
2.15 
0.0001 
0.0001 
0.0001 
0.0001 
R8 
Source DF Type III SS Mean Square F Value Pr > F 
ENV 
REP(ENV) 
LINE 
ENV*LINE 
3 
7 
75 
225 
18147.4030 
16.0462 
13529.2823 
1526.1793 
6049.1343 
2.2923 
180.3904 
6.7830 
2470.54 
0.94 
26.59 
2.77 
0.0001 
0.4779 
0.0001 
0.0001 
Reproductive period 
Source DF Type III SS Mean Square F Value Pr > F 
ENV 
REP(ENV) 
LINE 
ENV*LINE 
3 
7 
75 
225 
5499.58631 
72.87776 
7126.89719 
1689.53259 
1833.19544 
10.41111 
95.02530 
7.50903 
547.61 
3 .11 
12.65 
2.24 
0001 
003 
0001 
0001 
Leaf area 
Source DF Type III SS Mean Square F Value Pr > F 
ENV 
REP(ENV) 
LINE 
ENV*LINE 
3 
7 
75 
225 
764319.72 
60015.36 
1802977.82 
693665.00 
254773.24 
8573.62 
24039.70 
3082.96 
106.78 
3 .59 
7.80 
1.29 
0 . 0 0 0  
0.0009 
0.0001 
0.0101 
Plant height 
Source DF Type III SS Mean Square F Value Pr > F 
ENV 
REP(ENV) 
LINE 
ENV*LINE 
3 
7 
75 
225 
36630.856 
89326.578 
100115.778 
11674.595 
12210.285 
12760.940 
1334.877 
51.887 
329.05 
343.89 
25.73 
1.40 
0.0001 
0.0001 
0.0001 
0.0012 
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Table Al. Continued. 
Canopy height 
Source DF Type III SS Mean Square F Value Pr > F 
ENV 3 469.7491 156.5830 3.61 0.0132 
REP(ENV) 7 984.1539 140.5934 3.25 0.0022 
LINE 75 38930.1908 519.0692 6.17 0.0001 
ENV*LINE 225 18916.6222 84.0739 1.94 0.0001 
Lodging 
Source DF Type III SS Mean Square F Value Pr > F 
ENV 3 167.068569 55.689523 168.78 0.0001 
REP(ENV) 7 6.667043 0.952435 2.89 0.0058 
LINE 75 197.471822 2.632958 4.74 0.0001 
ENV*LINE 225 124.997714 0.555545 1.68 0.0001 
Seed weight 
Source DF Type III SS Mean Square F Value Pr > F 
ENV 3 138.94197 46.31399 182.94 0.0001 
REP(ENV) 7 26.26770 3.75252 14.82 0.0001 
LINE 75 565.41154 7.53887 12.55 0.0001 
ENV*LINE 225 135.14379 0.60063 2.37 0.0001 
Seed protein 
Source DF Type III SS Mean Square F Value Pr > F 
ENV 3 1206.10942 402.03647 705.44 0.0001 
REP(ENV) 7 45.80058 6.54294 11.48 0.0001 
LINE 75 438.61966 5.84826 5.89 0.0001 
ENV*LINE 225 223.48684 0.99327 1.74 0.0001 
Seed oil 
Source DF Type III SS Mean Square F Value Pr > F 
ENV 3 68.829460 22.943153 40.21 0.0001 
REP(ENV) 7 70.805686 10.115098 17.73 0.0001 
LINE 75 398.556690 5.314089 9.66 0.0001 
ENV*LINE 225 123.749348 0.549997 0.96 0.6215 
Seed yield 
Source DF Type III SS Mean Square F Value Pr > F 
ENV 3 199897506 66632502 701.78 0.0001 
REP(ENV) 7 12108114 1729731 18.22 0.0001 
LINE 75 95516186 1273549 9.64 0.0001 
ENV*LINE 225 29736192 132161 1.39 0.0014 
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Figure A1: Log-likelihood (LOD) scores for Rl plotted along linkage group 2 for 
segregates from the Minsoy x Noir 1 soybean cross when tested in single 
environments (El, E2, E3, E4), years (Yl, Y2), and the combined 
environment (C), using an additive genetic model. 
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Figure A2: Log-likelihood (LOD) scores for Rl plotted along 
linkage group 16 for segregates from the Minsoy x 
Noir 1 soybean cross when tested in single envi­
ronments (El, E2, E3, E4), years (Yl, Y2), and the 
combined environment (C), using an additive ge­
netic model. 
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Figure A3: Log-likelihood (LOD) scores for R8 plotted along linkage group 2 for 
segregates from the Minsoy x Noir 1 soybean cross when tested in single 
environments (El, E2, E3, E4), years (Yl, Y2), and the combined environ­
ment (C), using an additive genetic model. 
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Figure A4: Log-likelihood (LOD) scores for R8 plotted along 
linkage group 16 for segregates from the Minsoy x 
Noir 1 soybean cross when tested in single envi­
ronments (El, E2, E3, E4) , years (Yl, Y2), and the 
combined environment (C), using an additive ge­
netic model. 
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Figure A5: Log-likelihood (LOD) scores for reproductive period plotted along link­
age group 2 for segregates from the Minsoy x Noir 1 soybean cross when 
tested in single environments (El, E2, E3, E4), years (Yl, Y2), and the 
combined environment (C), using an additive genetic model. 
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Figure A6; Log-likelihood (LOD) scores for leaf area plotted along linkage group 2 
for segregates from the Minsoy x Noir 1 soybean cross when tested in 
single environments (El, E2, E3, E4), years (Yl, Y2), and the combined 
environment (C), using an additive genetic model. 
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Figure A7: Log-likelihood (LOD) scores for plant height plot­
ted along linkage group 16 for segregates from the 
Minsoy x Noir 1 soybean cross when tested in 
single environments (El, E2, E3, E4), years (Yl, 
Y2), and the combined environment (C), using an 
additive genetic model. 
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Figure A8: Log-likelihood (LOD) scores for canopy height 
plotted along linkage group 16 for segregates from 
the Minsoy x Noir 1 soybean cross when tested in 
single environments (El, E2, E3, E4), years (Yl, 
Y2), and the combined environment (C) , using an 
additive genetic model. 
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Figure A9: Log-likelihood (LOD) scores for lodging plotted 
along linkage group 16 for segregates from the 
Minsoy x Noir 1 soybean cross when tested in 
single environments (El, E2, E3, E4), years (Yl, 
Y2), and the combined environment (C), using an 
additive genetic model. 
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Figure AlO: Log-likelihood (LOD) scores for seed weight plotted along linkage group 
1 for segregates from the Minsoy x Noir 1 soybean cross when tested in 
single environments (El, E2, E3, E4), years (Yl, Y2), and the combined 
environment (C), using an additive genetic model. 
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Figure All: Log-likelihood (LOD) scores for seed-oil content plotted along linkage 
group 3 for segregates from the Minsoy x Noir 1 soybean cross when 
tested in single environments (El, E2, E3, E4), years (Yl, Y2), and the 
combined environment (C), using an additive genetic model. 
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Figure A12: Log-likelihood (LOD) scores for seed-oil content plotted along linkage 
group 9 for segregates from the Minsoy x Noir 1 soybean cross when 
tested in single environments (El, E2, E3, E4), years (Yl, Y2), and the 
combined environment (C), using an additive genetic model. 
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Figure A13: Log-likelihood (LOD) scores for seed-oil content 
plotted along linkage group 31 for segregates 
from the Minsoy x Noir 1 soybean cross when 
tested in single environments (El, E2, E3, E4), 
years (Yl, Y2), and the combined environment (C) , 
using an additive genetic model. 
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Figure A14: Log-likelihood (LOD) scores for seed yield plotted along linkage group 
2 for segregates from the Minsoy x Noir 1 soybean cross when tested in 
single environments (El, E2, E3, E4), years (Yl, Y2), and the combined 
environment (C), using an additive genetic model. 
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Figure A15: Log-likelihood (LOD) scores for seed yield plot­
ted along linkage group 16 for segregates from 
the Minsoy x Noir 1 soybean cross when tested in 
single environments (El, E2, E3, E4), years (Yl, 
Y2), and the combined environment (C), using an 
additive genetic model. 
